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Introduction
The international literature on socio-economic status and mortality is marked by a persisting absence of studies on Germany, 3 probably owing to the lack of large high quality datasets. Fortunately, the situation has changed since the inception of the Research Data Centre of the German Pension Insurance (Forschungsdatenzentrum der Rentenversicherung) which has made available a large database of public pension records. These data enable us to make a number of, albeit small, contributions to the existing literature.
We document mortality inequalities among elderly men in Germany. The data permit us to compare the regions of the former German Democratic Republic (GDR) with the rest of Germany. Due to the very different institutions for forty years, differences may well be expected. In addition, the German pension system enables us to measure socioeconomic status by means of a variable which we term lifetime earnings, a discounted sum of pensionable earnings over the life-cycle. We argue that the variable is a very broad measure of socio-economic status that is also readily applicable to the retired population. Finally, due to the large size of our dataset, we do not need to resort to any parametric assumptions on the structure of the relationship between lifetime earnings and mortality. 4 For period life expectancy at age 65, our results indicate a lower bound of six years on the difference between the lowest and the highest earnings group considered in our study. As measured from the lowest group, this constitutes a difference of almost fifty percent. Life expectancy rises almost linearly over a sizable part of the lifetime earnings distribution. Despite the fact that we do find lower overall mortality in western Germany than in the former GDR, our results show similar life expectancies within income groups. The unconditional difference, hence, comes from composition effects.
Our results merely reveal a correlation between lifetime earnings and mortality. From our estimates, nothing can be said about the underlying pathways that lead to these figures. In general, three broad channels of causality can be imagined. Epidemiologists stress the importance of causality from income to health (Marmot, 1999) . Economists are often preoccupied with quantifying the reverse direction by which it is a low health status that impairs current and future earnings capacity (Smith, 2004) . A third explanation is that there are one or more underlying factors determining both income and health. Among many potential candidates are genetics, ability, intelligence, social skills, networks, and other background or early life factors, such as parental income (Case et al. 2002) or education (Lleras Muney, 2005) . We see our contribution in documenting a strong relationship between lifetime earnings and life expectancy in Germany that calls for more research on its origins.
The structure of this paper is as follows. We first describe the data in Section 2, with particular emphasis on the German pension system and the calculation of the central explanatory variable. Section 3 contains the presentation of our results in three stages, followed by some international comparisons. Finally, a conclusion is provided in Section 4.
Data and methodology
We use a very large dataset of administrative records from the German Public Pension System. For reasons explained in Section 2.2, we consider only male individuals. Our data cover more than 80 percent of the whole male population born in 1936 or earlier.
Consider the first and fifth column of Table 2 in the Appendix on page 107. They show our sample sizes and the fractions of the general population covered by our data broken down by age group and region of residence. Coverage is about three quarters in western Germany, but it drops substantially to less than two thirds at older ages. This is likely to be due to differential mortality since people outside the system tend to have a higher socio-economic status. In terms of selection bias, we do not see any reason why results on differential mortality among the pensioners covered by our data should not extend qualitatively to the rest of the population. Coverage rates in the eastern region are higher, reaching up to 98 percent. This is because in the former GDR, virtually everyone was insured under the state pension system. At the same time there were exceptions for the selfemployed and civil servants (see Section 2.1) in the Federal Republic of Germany (FRG) that explain the baseline difference.
In the next section, we turn to the derivation of the central variable of our analysis, an internal measure of the Public Pension System used to calculate pension benefits (personal earnings points). It serves reasonably well as an indicator of total lifetime earnings. Section 2.2 presents the descriptive statistics of the variables used in our analysis and deals with the creation of our dataset from several sources of administrative records. Finally, in Section 2.3 we turn to our estimation methods.
The German public pension system
The German Public Pension System in the form that is relevant for the cohorts studied in this analysis is a pay-as-you-go system based on a single tier. Benefits are directly related to personal earnings over the life-cycle.
5 This section provides a very brief introduction to those parts of the system that are relevant for the purposes of the paper. Our description is based on Börsch-Supan and Wilke (2004) and VDR (2004) . The system covers all private and public sector employees. It excludes civil servants (about 7 percent of the workforce) and most self-employed (about 9 percent). The latter can voluntarily insure themselves in the system; we will get back to this in Section 2.2. Our focus is on old-age pensions, paid to all retirees age 65 and above. By the end of the calender year in which age 65 is reached, almost everyone is retired in the sense that he claims pension benefits. 6 7 Key to the system are the so-called earnings points, which essentially are a measure of the relative annual earnings position. In any given year t, the earnings points for contribution periods (EP CP ) of an individual i are calculated as: is available only for individuals who retired after a major reform to the system in 1992. The measure recorded for all persons in our dataset is called personal earnings points (EP pers ). These are calculated as follows:
EP N CP stands for earnings points from non-contributory periods. These stem from spells with no contributions at all which are nonetheless relevant for pension benefits. They include, for example, long-term sickness or unemployment spells, the months during which disability pensions were received, 8 some allowance for advanced education, and so on. The adjustment factor AF i scales down earnings points in the case of early retirement after the 1992 reform. For the purpose of our analysis it also serves to capture a type of 6 It is virtually impossible to remain in paid employment while receiving pension benefits because of very low earnings thresholds. Hence this is almost identical to defining retirement as not participating in the labour force. 7 For the 1936 cohort (the youngest cohort in our analysis), internal statistics of the Deutsche Rentenversicherung show that only 0.56 percent were not retired on 1st January 2002, the starting point of our analysis. 8 Legislation on disability pensions has been subject to several reforms over the years. The nice feature of these variables is that they give us a measure of long-run earnings. This is a much better measure for socio-economic status than current income typically recorded in surveys. The latter is often blurred by transitory fluctuations, which are surprisingly high. These may lead to serious biases as documented in Haider and Solon (2006) . Our discounted sum of lifetime earnings misses out on some things typically included in the income definition (for example, bequests, capital income or transfers). Bearing the incompleteness in mind, we use lifetime earnings and lifetime income as synonyms in the remainder of the paper. Another large advantage of the measure is that it remains applicable to retired persons; using broader measures may lead to biases due to differences in savings behaviour at earlier stages of the life-cycle.
The description of the pension system has focused on the (western) FRG until 1990 and the (unified) FRG thereafter. In the GDR, there was a somewhat different system at work. It is beyond the scope of this paper to provide a detailed description of this system but we note that accumulated earnings points are comparable in the sense that GDR earnings points are also based on the length of the work life and the position in the annual earnings distribution. A detailed description of how pension entitlements were transferred is contained in Stephan (1999) . It is safe to say that the amount of income needed to gain one earnings point in the GDR had much less buying power than the amount of income needed to gain one earnings point in the FRG. However, the pension income that derives from GDR earnings points is only 13 percent less than the one based on FRG earnings points. Hence the relative position in the earnings distribution and pension income streams are comparable while economic status during the working life is not.
Let us close this section with a brief illustration of the monthly pensionable income necessary to accumulate a certain amount of earnings points. In 2002, the monthly gross earnings that yielded one EP pers was about 2,400 Euro. For simplicity, assume that this number remains constant over an individual's working life. Hence, to accumulate 50 EP pers , a person with this earnings would have to work 50 years. If average monthly earnings over the life-cycle were 3,000 Euro, 40 full years of contribution would be sufficient to accumulate the same amount of EP pers .
Description of the dataset
The administration of the German public pension system is marked by a variety of statutory bodies. Traditionally, there have been regional pension insurance bodies for workers, a federal body for salaried employees, and three profession-specific bodies. Except for miners, legal regulations have been the same since 1949. All pension insurance bodies are required by law to report statistics of all pensioners as of the end of each year as well as statistics of those pensioners who died during that year to their umbrella association.
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We have access to these data. 11 Because only selective characteristics of the original administrative records enter our dataset, some important remarks about the structure and peculiarities of the data are in order.
For one thing, there is no way of linking members of the same household. Ideally, we would want to use lifetime household income as a relevant measure to correlate with mortality. However, because of the low female labour force participation in the cohorts relevant to our analysis, we exclude them from the analysis. It simply is unclear what the household income position of women with low EP CP is because of the dominance of male earnings in total household income.
For all individuals in our dataset, we have the year and month of birth. We only use individuals born in 1936 and earlier because of possible health and income differentials in early retirement. Put differently, if we were to use younger pensioners, most likely we would not have a random sample. A further demographic variable is the region of residence in three categories (eastern Germany, western Germany, foreign). We exclude people with foreign residence (2.3 percent) in order to work with a subset of those recorded in official population statistics. Including them did not cause any visible differences in the mortality estimates. The data contain all deaths in 2002; these are recorded on a monthly basis. The Appendix contains descriptive statistics for the entire sample in Table 1 . Those restricted to pensioners born after 1928 are listed in Table 3 .
In terms of variables related to pension payments, the two most important ones are those described in the last section. Note that EP pers is on average about 3.1 points (6.6 percent) higher than EP CP in columns 1 and 5 of Table 3 . We also have the corresponding variables on the length of being insured. These are pension-relevant insurance periods (IP P R ) and contribution periods (CP). The former are comprised of the latter and of non-contributory periods leading to pension benefit entitlements (see Section 2.1 for examples). Last, we use information on the type of health insurance coverage. Employees are mandatorily covered by the public mutual funds system up to an earnings threshold that was 75 percent of the maximum pensionable earnings until 2003. Individuals above that threshold, the self-employed, and civil servants can either stay voluntarily in the system or opt out to join a private insurance company. A small subgroup of pensioners in our sample is insured under foreign law, these persons usually worked in Germany only for short periods of time. The arrangement of the last employment spell usually carries over to retirement. We can identify three groups in our data: mandatorily insured; voluntarily or privately insured; insured under foreign law.
The reason why this assumes importance lies in work biographies that are not confined to a single system of pension insurance. To provide an example, take somebody who is employed for ten years and then becomes a civil servant for the rest of his working life.
If we used EP
CP as a measure of his lifetime earnings, we would make a severe error because he had large earnings outside the system (i.e. as a civil servant). As is clear from the discussion in the last paragraph, the health insurance variable and the length of pension insurance periods enable us to (partially) control for such cases. This is why we estimate mortality rates for four different subgroups of the population: all pensioners ("All"), individuals mandatorily insured within the public health insurance scheme ("HI"), those with more than 25 years of pension-relevant insurance periods ("25Y"), both the "HI" and "25Y" restrictions imposed ("HI25Y"). These make up the remaining columns of Tables 2 to 3. Looking at the population coverage in Table 2 , it is clear that it drops to two thirds in western Germany if both restrictions are active. The decline is particularly pronounced at older ages because the differential mortality effect is reinforced (see below in Section 3.2) and because there are more missing values at old ages. The only variable that is completely available is EP pers because it is central to the pension payment. In conversations with statisticians at the Deutsche Rentenversicherung Bund, we tried to evaluate the influence of systematic effects on missing values. Except for the cases we mention, there is no reason to expect a missing at random assumption to be violated. In eastern Germany, the picture remains much better with coverage rates above 90 percent except for the very old ages.
There are three more variables available; however we do not consider them in the presentation of differential mortality by lifetime earnings for clarity reasons. The variables in question are citizenship in two categories (German/non-German), whether a pension entitlement for repatriates forms part of the total pension, and whether EP pers includes a scaling-up of raw earnings points because of low earnings before 1992 (cf. Section 2.1). Confining our analysis to Germans who do not fall into either of the last two categories did not substantially alter any results (tables and graphs are available from the authors upon request).
Methods and terminology
Throughout the analysis, we divide the sample into eleven equally spaced groups of earnings points. We then calculate age-specific mortality rates for each of these groups, using the standard Chiang (1984) formulas. It is useful to relate this procedure of calculating mortality differentials to the typically employed logit model. Our analysis is closest to a logistic regression for mortality rates that utilises as covariates the eleven dummy variables for the earnings points categories, a full set of age dummies, and all interaction terms between the two sets of variables. By virtue of the large amount of data, we can allow for this very general specification of the relationship between age, lifetime earnings, and mortality. Compared to the logit model, we furthermore relax the distributional assumption on the error term. In the logit case, the disturbances are assumed to follow a logistic distribution. If this assumption is incorrect, the estimates may be biased and confidence intervals are too narrow. In the sense that we do not invoke any distributional assumption on the error term, our model is entirely nonparametric (see Schmertmann (1995) for an introduction of nonparametric regression techniques and terminology in demographic research). The typical justification for highly parameterised models as the logit lies in efficiency gains relative to more general techniques. Again, it is the large sample size that allows us to get by without these potentially restrictive assumptions.
From the age-specific mortality rates, we obtain life tables for each of the eleven earnings points groups. We calculate confidence intervals using the analytical formulas suggested in Chiang (1984) . In the subsequent analysis, we will first graph the age trajectories of the mortality rates. We then aggregate out the age dimension by calculating period life expectancies. These constitute the main statistic we use to conduct the analysis. Note that the term "life expectancy" might lead to some confusion because its everyday use differs from its scientific content. The period life expectancies that we calculate do not reflect actual life expectancies of any individual in our dataset or elsewhere. Rather, they are a weighted average of 39 age-specific mortality rates that are calculated on the basis of as many different cohorts. Life expectancies in our sense are simply a means of comparing mortality experiences across different population segments, aggregating out the age dimension. This confusion of terms applies to any period life expectancy. For example, a statement like "[...] today, the longest expectation of life -almost 85 years -is enjoyed by Japanese women." (Oeppen and Vaupel, 2002) does not reflect the life expectancy by any individual female Japanese in 2002. In our case, a typical sentence may read "In the group with 60-64 EP pers , remaining life expectancy is 16.88 years", however the number does not reflect the life expectancy of any individual in our sample, it merely serves to compare mortality experiences of differences of different subgroups. At some points, we will calculate another statistic based on the mortality rates, namely the probability to reach age 74 by earnings points category. Exactly the same comments on the interpretation of the numbers apply also here -this does not constitute the relevant probability for any real individual.
Results
Our analysis is motivated by time series evidence of rising per-capita pension payments over time within cohorts. Net of changes to the current pension value (see Section 2.1 for details), this can only be due to changes in cohort composition. Once everyone is retired, differential mortality is the sole reason for this phenomenon to occur, i.e. persons with less than average EP pers are dying relatively more frequently than those with higher earnings points. Shedding more light on this relationship is the purpose of this section. Ideally, we would prefer a cohort analysis in the spirit of this motivation. Given the structure of the administrative records, however, there is no straightforward way to follow cohorts over time and we confine our analysis to all cohorts in 2002. We present our results in four stages. First, we graph mortality rates by age group and demonstrate that it is not misleading to aggregate out the age dimension. We then do the latter in considering period life expectancy at age 65 (e 65 ). Subsequently, we compare the two earnings points measures in the third part of the section. Because of data availability (see Section 2.1), the best we can do is to consider the probability of reaching age 74, conditional on reaching age 65. Finally, we contrast the mortality experience of persons living in the former GDR with those residing in western Germany before placing our results into the context of the international literature. Figure 1 shows the mortality rates for selected groups of EP pers . We refrained from showing all eleven income classes for legibility reasons. Mortality rates were calculated separately for each one-year age band. The most salient feature of the graph is that the shape of the three curves is very similar, they seem to differ by little more than a parallel shift until sample sizes become very small at advanced ages. 12 The similarity in shapes and particularly the fact that the curves are not crossing (except at very high ages) show that it is feasible to aggregate out the age dimension to compare mortality experiences in a more parsimonious fashion. Confidence bands for each age are not shown in order to keep the graphs readable. They show that until age 76, all three are statistically different from each other at the 99 percent-level. Mortality rates in the highest income group are significantly lower than the other two even until age 83.
Mortality rates for selected earnings points groups

Period life expectancies at age 65 by EP pers
While curves of the type depicted in Figure 1 carry all the information that results from our regression analysis, they are too detailed to provide a basis for overall comparisons. For this reason, we calculate period life expectancies at age 65. All the usual caveats for the interpretation of period life expectancies apply, see Section 2.3 for details. First consider the light bars in Figure 2 . They depict e 65 for the full sample of pensioners we use. Overall remaining life expectancy is at 15.74 years. We postpone a comparison with estimates for the general population to the end of this section. The mortality estimates by earnings points group range from 14.35 years (35-39 EP pers ) to 18.65 years (70-74 EP pers ). Between these two extremes, life expectancy appears to rise roughly linearly over the groups. Differences among almost all groups are statistically significant at any typical confidence level.
The most striking finding at this very first glance is that minimum life expectancy is reached close to the middle of the table and not in the lowest income group. At the bottom of the distribution, e 65 is up to more than 15 years again. This stands in contrast to the overwhelming international evidence indicating a monotone and positive relationship between income and life expectancy. Typically, the gradient is found to be steepest in the lower tail (see, for example, Attanasio and Hoynes (2000) ). However, there is a plausible reason at hand. As explained in the last section, we expect a very heterogeneous group at the lower end of the distribution because of persons covered by the public pension system 12 It is certainly much closer to a parallel shift in mortality than to a parallel shift in log mortality (figures are available from the authors upon request), especially in the younger age groups, where the data are most reliable. The latter is the parametric assumption inherent in, for example, proportional hazard models. We would like to thank one of our referees for pointing this out. only during parts of their working life. These are typically well-earning academics who would be at the right tail of the distribution if we observed their full earnings history. To take a colourful example, we would expect to find production line workers next to their company's CEO in these groups. A way of shedding light on this issue is to exclude those for whom lifetime earnings are observed with a known systematic error. We try to do so by selecting only those who are mandatorily enrolled in the public mutual funds health insurance system or those who spent at least 25 years in the public pension system. The dark bars in Figure 2 indicate the results when we impose both restrictions. For brevity reasons, we do not present the results if selection is based on one criterion only. Again, the tables are available upon request.
To begin with, note that overall remaining life expectancy drops substantially by more than half a year. Hence, the 14 percent we excluded from the original sample must have a much higher life expectancy than the remaining selection. While e 65 rises slightly in the top two earnings points categories, it drops significantly in all other subgroups. The decline is particularly pronounced in the lowest income categories. Minimum e 65 is now 13.31 years for those with 25-29 EP pers , the slight rise for the lowest income category is only borderline significant. We suspect this differential drop to be a combination of two effects. On the one hand, the relative size of the sample that is excluded is much higher at lower earnings points levels (57 percent in the lowest category as compared to less than 10 percent in the top seven classes, see Figure 3 ). On the other hand, if the excluded group is relatively homogeneous, the differential in e 65 is largest in the lower categories under the hypothesis of a monotonic relationship between income and mortality.
We presume that this control is far from being perfect, hence we only have a lower bound for the mortality differential. This argument is reinforced through the right censoring of annual EP pers it -neither can we clearly identify the top nor the bottom earners. Note that somebody in the lowest mortality group of 30-34 EP pers still would have worked 40 years at three quarters of the average earnings. If somebody lived on social assistance most of his working life, he would not even enter our dataset. However, even this lower bound on differences in life expectancy is quite substantial. Taking the results from the "HI25Y" selection and the unconditional e 65 as a starting point, life expectancy of persons in the highest income group is 25 percent higher. On the other hand, if only 25-29 EP pers were accumulated, it is 12 percent lower.
Coming back to the precise relationship between earnings points and life expectancy, we find that it rises almost linearly from the group with 35-39 EP pers to the one with 60-64 EP pers . In this range, neither top-coding nor earnings outside the pension system should be a major cause of measurement error. It is difficult to compare this linearity finding to other studies (see also Section 3.5) since all those that we are aware of either use quantiles of the income/earnings distribution or impose some functional form on the data. While the linear relationship certainly does not extrapolate to larger incomes 13 this finding shows the need to allow for flexible functional forms which accommodate (near) linearity on parts of the distribution.
Our results compare quite well with all-population mortality. Official statistics indicate a remaining life expectancy at age 65 for German males in 2002 of 16.08 years (HMD, 2006) This is about 4 months higher than our estimates for the full sample indicate. In terms of socio-economic status and mortality experience, most of the persons not covered in our data should be roughly comparable to those that were excluded when we imposed the "HI25Y" restriction. Simplifying the matter slightly, the main difference between them is that one group worked for a few years in a job that got them covered by the public pension system and then changed to another one; the other group started in such another job already. Following this argument, we did expect a qualitatively similar rise in life expectancy if we move from "All" to the full population as the one that we see when moving from "HI25Y" to "All".
Mortality by EP
pers and EP
CP
The purpose of this section is to contrast the two different measures of lifetime earnings for those persons where both measures are available (see Section 2.1). These are the cohorts born in 1929 or later because most of them did not retire before 1992. Remaining life expectancy is no longer a suitable summary statistic because we do not have any information on old-age mortality conditional on EP CP . As an alternative, we chose the probability of reaching age 74 (this is the highest age we can do) conditional on reaching age 65 (P 65 {74}). The results are shown in Figure 4 . The light bars depict P 65 {74} conditional on EP pers , the dark ones show the corresponding values based on EP CP . The Note: "All" includes all available observations, "HI25Y" incorporates only those mandatorily enrolled in the public health insurance scheme with at least 25 years of pension-relevant insurance periods.
same comments apply to the limited interpretability of these probabilities as to the life expectancies (see Section 2.3). Overall probabilities are identical at 76.4 percent because we use the same sample in both cases. In the case of EP pers , we find very much the same pattern as for life expectancy in the last section. There is a linear decline from the highest income class to persons with 35-39 EP pers which then levels out and rises again at the very bottom. The dark bars look quite similar, but there are some important differences. On the one hand, probabilities are slightly higher for all groups with more than 35 EP CP . However, the decline does not level out at this point but continues linearly to the very lowest group. Based on this measure, 65-year-old individuals in the highest earnings class have a 90 percent probability of reaching age 74. Less than two thirds in the bottom category survive to this age.
Our conclusions from this exercise are twofold. On the one hand, it does not matter much whether one uses EP pers or EP CP if one is interested in the mortality experience for individuals with at least 35 EP pers . Our summary statistics differ by not much more than a constant that is mostly explained by the average differential of 3 points between the two measures (see the first two rows of Table 3 ). On the other hand, the choice of variable does matter in lower categories. By using EP CP as a measure of lifetime earnings, we can reproduce the monotonic relationship to mortality documented in international studies.
In the course of the analyses contained in this section we also checked whether differences exist if we condition on actual contribution periods (CP) rather than pensionrelevant insurance periods (IP P R ). One may have expected differences analogous to those resulting from the two earnings measures. However, none such differences became apparent which is why we do not include a graph on that point.
Life expectancy at age 65 by EP
pers and place of residence
In this section, we compare the mortality experience of people living in the former socialist part of Germany with those living in western Germany. This is particularly interesting because of the very different biographies of people living in either region. One could expect several things to happen in the eastern region. There may be a long-run effect of the more equal distribution of socio-economic status during the socialist era, resulting in smaller mortality differentials. The opposite story may read that the sharp transformation in the early 1990s led to higher inequality than in the West. Finally, one may assume relatively fast adaption to the new institutional arrangement, hence a picture that parallels that in the West.
14 Naturally, the first thing to evaluate is e 65 not stratified by income. We find it to be 15.83 years in western Germany and 15.41 years in the former GDR. The difference is statistically significant at any common confidence level. This compares to full-population estimates from official statistics of 16.19 years and 15.39 years, respectively. In the West we have the effect described above: The 23 percent of the population not included in our sample tend to have a lower mortality than the pensioners. However, the 94 percent coverage in eastern Germany leads to almost identical estimates of all-population mortality, so we are very confident to have a complete depiction of the full population there. Our findings are consistent with the converging mortality experiences in both regions that have been documented by several authors (cf. for example Nolte et al. (2000) ).
Again, the main analysis concerns the comparison of life expectancy by income group. As in the previous sections, we base selection on mandatory enrollment in a public mutual funds health insurance and 25 years of coverage in the pension system. The reason not to consider all-pensioner mortality here is that groups are more comparable in the restricted sample. As discussed in Section 2.2, we expect much more heterogeneity in terms of earnings outside the system in the West than in the East, particularly in the lowest categories. This is because in the former GDR, virtually everyone was insured under the public pension system. Hence, we would obtain a stronger bias within income classes if we did not impose the restrictions. The reason is the larger heterogeneity with respect to socio-economic status in the West. The restriction of the sample makes the analysis within categories more meaningful, but a comparison of unconditional life expectancies does not make much sense. This is clear from the rightmost bars in Figure 5 . While e 65 does not change for pensioners in the east of Germany, imposing the restriction leads to a drop in remaining life expectancy to 15.14 years in the West. This reversal is due to the 14 Migration between the two regions was low and we neglect possible biases in the interpretation of results. Most worrying in this respect are recent migration movements, i.e. after reunification. These account for less than two (five) percent of the total West (East) German population in the unlikely case that deaths from 1989 to 2001 occurred only among non-migrants. Migration from 1962 to 1988 was much lower. It was higher in both directions from 1957 to 1961 (more than nine (West) and seven (East) percent if none of the migrants died before 2002). However, health selection effects should cancel and the difference in living conditions for a large part of the life-cycle is also present for these early migrants. Migration flows are based on the balances of official population statistics and taken from Scholz and Driefert (2007) . fact that we excluded a large group of men with high socio-economic status in western Germany and only few persons in the eastern region.
Comparing the graphs for both regions in Figure 5 , it becomes apparent that no difference between them can be asserted for groups with more than 40 EP pers . In all groups below that level, life expectancy in the West is larger than in the East. Most notably, we find a close to strongly monotone relationship between income and life expectancy in the former GDR (the rise in the bottom group is not detectable in a statistical sense for either region). In the lowest two groups in the East, e 65 is only around 11 years, 8 years less than at the top of the distribution. We do not take this as evidence for higher inequality in eastern Germany. It is more likely that our selection procedure still does not enable us to pinpoint people with a low socio-economic status in the West, just as the analysis from Section 3.3 suggests. The higher life expectancy in the eastern region for this particular selection arises because the distribution of earnings points is shifted to the right as com- Note: Only the persons mandatorily insured in the public health insurance scheme with at least 25 years of pension-relevant insurance periods are included in the analysis (selection HI25Y).
pared to western Germany under the HI25Y selection, see Figure 6 . In other words, there are relatively more people in the higher income classes with a longer life expectancy. This analysis sheds new light on previous findings from the epidemiological literature. Several authors reported a larger predictive power of income for health measures in western Germany than in the eastern region (Mielck et al. (2000) , Nolte and McKee (2004) ). Our results suggest this to be a consequence of measurement error, unless the link between morbidity and mortality works differently between both regions. The relevant income concept as a marker for socio-economic status is a long-run measure, the surveys employed in the cited studies contain a current income variable. Transitory fluctuations, for example due to high unemployment in the East, may well impact strongly upon the analysis. Here we conclude that the inequalities with respect to pension income have the same magnitude in both regions.
A second thing to note is the striking similarity of results for the income classes of 40 EP pers and higher. This is somewhat surprising, given that biographies have been quite different. One part lived for forty years in a socialist country, with severely restricted civil rights, comparatively small wage differentials, high job security, an economy with a large amount of goods rationing, etc. People on the other side of the wall experienced much higher wage differentials, somewhat lower job security, a market economy, and quite well protected civil rights. Only from 1990 onwards -the cohorts in our analysis were already at least 53 years old -did institutional arrangements start to converge, although large differences remain, for example in the labour markets. In the light of the observed convergence in total mortality (Nolte, Shkolnikov, and McKee, 2000) , we note that this convergence appears to be nearly perfect conditional on our measure of socio-economic status. A natural interpretation of this would be an income effect: Reunification brought about much higher real incomes for pensioners and 12 years were enough to wipe out any lagged effects. Differences in total mortality continue to exist only because of the composition effects -in western Germany there are relatively more persons with a high socio-economic status. Note that it does not follow from this that redistribution would lead to equal mortality experiences -higher pension income in our case is also indicative of a higher ranking in the relative income distribution in the GDR/FRG. The parameters giving rise to this ranking are very likely to be related to mortality, both directly and through interaction effects with income. Examples include education, intelligence, social skills and networks, or genetics. However, if interpreted in this fashion, our results suggest that redistribution would lead to a convergence in mortality experiences among socioeconomic groups; the extent of this remains unclear, however.
International comparisons
In this section, we place our results in the context of the literature on differential mortality. Closest in terms of regional proximity and research question is certainly Reil-Held (2000) . She uses survey panel data and finds a life expectancy (e 37 ) differential of 10 years between the top and the bottom quartile of the income distribution, employing a somewhat broader household income variable that is averaged across time. This is in her bivariate analysis that is comparable to our approach. In Reil-Held (2000) , the nonparametric analysis serves mainly motivational purposes and confidence intervals are not provided. We obtained her raw estimates and compared the values of e 65 . Her findings suggest some 17.8 years for the top income quartile and 10.1 years for the bottom one. The slightly lower value for the top quartile may be explained by the earlier time period (she considered deaths in the 1984-1997 period). The much lower value for the bottom quartile is most likely due to our not very meaningful income data for that population segment. Taken together, the numbers compare very well and our claim to have identified a lower bound of 6 years on the life expectancy difference from the bottom to the top is reinforced by her findings of a 7.7 year differential.
Expanding the region under consideration and the variables measuring socio-economic status, the study by Huisman et al. (2004) serves well to place our results into a European context. They analyse differential mortality by education and housing tenure and find results that are quite similar to ours in qualitative terms. Throughout the 11 countries included in their study, relative mortality risks declined with age, but absolute mortality differences remained constant or increased until old age. This is exactly what we find from Figure 1 . It is not sensible to compare precise numbers because of the differences in covariates. Doblhammer et al. (2005) compare mortality by occupational and educational group in Austria and also find large differences. Again, they report relative mortality risks and the quantities are not easily compared.
Further corroborative evidence for our findings comes from the US -Deaton and Paxson (2004) report e 25 to be about 10 years lower for members of families with an annual income of less than $5,000 as compared to those earning more than $50,000. Findings from Attanasio and Hoynes (2000) suggest that the gradient linking income and mortality is steepest at the bottom of the distribution. Since there is no reason to expect this finding to reverse in Germany, this is supportive of our claim that we cannot identify people at the lower end of the distribution very well and mortality conditional on correctly measured income would be much higher. Finally, turning back to Europe, Attanasio and Emmerson (2003) show that the position in the wealth ranking has a large impact on survival probabilities in the UK. Palme and Sandgren (2004) are able to construct a measure of lifetime income for a cohort born in 1928 in the city of Malmö, Sweden. They find this variable to be only marginally significant in the case of prime-age mortality. However, their sample size is rather small and they conduct their analyses conditional on parental income. Overall, we conclude that our findings for Germany fit in very well with the existing literature on socio-economic status and mortality.
Conclusions
We found large mortality differentials across classes of lifetime earnings in Germany. In our case, lifetime earnings are directly tied to pension income flows. Due to the limitations of the data, we were only able to put a lower bound of six years on the difference in period life expectancies between the lowest and the highest income group. Within the range of earnings that are well measured, life expectancy rises linearly with earnings. Since we employed entirely nonparametric methods, this is not an artefact of any assumed functional form. However, the finding certainly does not extrapolate to the tails of the earnings distribution, where our observations lack precision.
Comparing the former GDR with the rest of Germany, we found virtually no differences in life expectancy within income groups, except for the lowest groups. However, the latter seems to be due to the peculiarities of our data. Hence, any aggregate difference in life expectancy is likely owed to composition effects. This finding is quite remarkable because of the very different institutional design that people in either part faced during the prime ages of their working life. The degree of inequality in life expectancy appears to be similar in both regions.
What do we learn from these results? For one thing, there is a very sizeable effect, even among the elderly, waiting to be explained. Which of the three channels mentioned in the introduction is responsible for how much of the differential? Economic analyses suggest that in the socio-economic status to health causation, income is not likely to play a large role (compare, for example, Adams et al. (2003) , Meer et al. (2003 ) , or Smith (2004 ). Another finding that deserves further illumination is the similarity of life expectancy in both regions conditional on lifetime earnings. Finally, the temporal changes of mortality constitute an interesting research question. How was the gain in life expectancy over the last ten years distributed over different subgroups of the population? Did the poor or the rich gain more or was it evenly distributed? Is this trend likely to continue? Answers to these questions have a large impact on pension finance, the organisation of nursing home care, and many other important policy questions.
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